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PALYNOLOGY OF THE UPPER LARAMIE AND ARAPAHOE FORMATIONS AT

THE ROCKY FLATS PLANT NEAR GOLDEN, COLORADO

1.0 STUDY OBJECTIVES

The current geologic characterization model for the Rocky Flats Plant (RFP)
establishes an environment of deposition that is based upon interpfetation of stratigraphic data
obtained from numerous boreholes and wells installed throughout the plant site. The current
interpretation at the RFP for the Late Cretaceous age Arapahoe Formation is a meandering
system of fluvial or lower dehaic sandstone-filled distributary channels surrounded by
interdistributary claystone, mudstone, siltstone, or argillaceous sandstone. Difficulties in
identifying and recognizing correlative units or continuous lithologies has confounded
stratigraphic interpretations. It was initially thought that a biostratigraphic study might aid in
defining and resolving the issue of depositional architecture through interpretation of the
depositional environments. However, during the course of this study, it became apparent that
a palynology study would not provide the stratigraphic resolution necessary to accomplish
this. Therefore, EG&G modified the objectives of the study to address several other relevant
issues.

L/l. The first objective of this study was to evaluate the environments of deposition of
the Laramie and Arapahoe Formations in the subsurface at the RFP. The determination of
sedimentary environments can be a useful tool for defining subsurface sandstone aquifer
geometries.

2. The second objective of this study was to evaluate the location of the contact
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. between the Laramie and Arapahoe Formatioxg.n the Geologic Characterization Report
(1991) the Arapahoe Formation underlying the RFP is described as consisting of 150 feet of
claystone, siltstone, and sandstone. According to the Surface Mapping Report (1992), the
Arapahoe Formation is significantly thinner. In the surface mapping report, the sandstone
defined as Arapahoe Sandstone No. 1 in the Geologic Characterization is termed the basal
Arapahoe Sandstone. |

3. The third objective was to establish basic stratigraphic correlation. Correlations in
the Phase I Geologic Characterization (July 31, 1991) were based on the assumption that the
subsurface units are laterally continuous and relatively flat lying with a regional dip of 1.5
degrees to the east. In a recent field mapping project (Phase II Geologic Characterization
Data Acquisition - - Surface Geologic Mapping of the RFP and Vicinity, Jefferson and

. Boulder Counties, Colorado, 1992), it was suggested that faulting in the area could account
for difficulties with stratigraphic correlation. Evidence for faulting was presénted on core
logs from the 1991-1992 site-wide drilling program (i.e.. Borehole 40291). In addition, one
or more potential marker beds (see attachments in Appendix 1) were identified in the 1991-
1992 site-wide drilling program. One of the issues addressed by this biostratigraphic study

was to determine if any of the potential marker beds were truly correlative.
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2.0 INTRODUCTION

The Upper Cretaceous (Maastrichtian) Laramie and Arapahoe Formations occur in the
subsurface at the Rocky Flats Plant located north of 6olden, Colorado. The Laramie
Formation consists of sandstone, siltstone, claystone, and thin coal beds (See Generalized
Stratigraphic Section). According to Weimer and Land (1975), the Laramie Formation was
deposited in a delta plain environment along the western edge of the Western Interior Seaway.
Within the delta plain complex, sub-environments include channel, channel-levee, swamp,
crevasse splay, and bay or lake settings. The Arapahoe Formation consists of conglomeratic
sandstone, sandstone, siltstone, mudstone, and claystone (see Generalized Stratigraphic
Section) and was deposited in a fluvial-deltaic environment.

The palynology of the Laramie and Arapahoe Formations was studied to: 1)
document the depositional environments represented by the plant microfossil assemblages; and
to 2) determine if the two formations could be distinguished by their plant microfossil
assemblages; and finally to 3) determine if several thin calcareous siltstone beds within the

Laramie Formation could be used as stratigraphic correlation markers in the subsurface.
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3.0 METHODS

Thirty core samples were collected from five wells on 8 September 1992. Four
additional core samples from two different wells were collected on 25 September 1992. After
initial analysis of the 34 samples, 15 additional samples were collected on 5 January 1993.
The 49 core samples were from the following wells: #00191, #00291, #40591, #40891,
#41191, #42892, #B217489, #B217689, #B217789, #B218589, and #B315289. (see Appendix
2). The 49 core samples were processed to extract the plant microfossils used in the study.
The processed samples were then examined to characterize the plant microfossil assemblages.
Plant microfossils found in the samples include dinoflagellates and acritarchs (marine
plankton), fern spores, and gymnosperm and angiosperm pollen. Plant microfossil specimens
were counted in eight samples to determine the relative percentages of each plant type (i.e.
gymnosperm, fern spore, angiosperm, acritarch, and dinoflagellate) present in each sample
(see Appendix 3). The vegetational composition and likely depositional environment were

then inferred from the percentages of the plant types (see Conclusions section).
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4.0 RESULTS

Tables 1 and 2 show the occurrences of 52 pollen and spore taxa and 19 dinoflagellate
taxa in the eleven wells. Fourteen samples were taken from well #B217489. Samples from
this well contain pollen, spores, dinoflagellates, and acritarchs. The uppermost sample at
45.1° -45.5" yielded only 23 specimens. For a statistically accurate evaluation, a minimum of
200 specimens is necessary. Except for the samples from 45.1°, 75.9°, 130.7°, 198.3’, and
214.3’, the entire sampled interval contains both marine and terrestrial plant microfossils.

The five samples listed above contain only terrestrial plant microfossils. The marine aigae
are represented by the dinoflagellates and acritarchs. The terrestrial vegetation is represented
by pollen from both the gymnosperms and angiosperms and by fern spores. The marine
component of the plant microfossil assemblage from well B217489 ranges from three to ten
percent (see Appendix 3). Under normal marine conditions, the dinoflagellates would make
up most of the assemblage.

In well #00291, the samples from 33.9’ and 35.0’ yielded five and seventeen
specimens, respectively. The sample from 33.9’ yielded primarily gymnosperm pollen and no
dinoflagellates. The sample from 35.0° yielded several acritarch specimens, which are
indicative of marine influence. Well #00191 was barren and yielded no significant
specimens.

Under normal circumstances, the presence of dinoflagellates and acritarchs would
indicate a marine or brackish-water depositional environment. One potential pitfall in

interpreting depositional environments from relative percentages of marine and terrestrial taxa
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is the possibility that some of the taxa are derived from reworked older material. In this
study, the presence of Ovoidinium verrucosum is an example of older material occurring in
younger strata. Ovoidinium verrucosum last appears in place in the Cenomanian (Nichols and
Jacobson, 1982). There are three possible explanations for its occurrence in the Laramie
Formation. The first option is a localized extension of its stratigraphic range into the
Maastrichtian. The second option is that it is reworked from older strata. The third option is
that it is contamination from the drilling mud manufactured with bentonites containing
Ovoidinium verrucosum. Without knowing the source of the drilling mud used to drill these-
wells, it is not possible to speculate on the third option. However, there are other clues to
rule out the first option. Reported occurrences of Ovoidinium verrucbsum in strata younger
than Cenomanian or possibly Turonian, are interpreted to be out of place (Nichols and
Jacobson, 1982). It is highly unlikely that the top of the stratigraphic range should be
extended all the way from Cenomanian to the Maastrichtian. The second option is a more
realistic possibility. If other older taxa were present in the wells, then it is more likely that
there is reworked older material in the plant microfossil assemblage. In fact, there are several
other taxa that have not been reported from strata as young as Maastrichtian. These taxa
include: Palaeohystricophora_infusorioides, Quadripollis krempii, and Umbosporites callosus.
These taxa were previously reported from strata as young as Campanian, but not
Maastrichtian. It is possible that the occurrence of these additional taxa in the Laramie
Formation represent local geographic extensions of their stratigraphic ranges. However, the
presence of Ovoidinium verrucosum along with these taxa, makes reworking an option.

The implications of reworked material occurring within the assemblages makes
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recreating a realistic picture of the vegetation and depositional environments more difficult.
If there is reworked material present, it may not be appropriate to interpret the low
percentages of dinoflagellates in the Laramie Formation as indicative of marine conditions.
However, in this case, it may be appropriate to infer a marine influence within the Laramie
Foﬁnaﬁon, even though there is evidence of reworked material. Within the dinoflagellate
assemblage there are several species of Dinogymnium. Because the species of Dinogymnium
that occur in the Laramie Formation are known to occur in Maastrichtian age strata, it is
likely that they occur in place.

Additional evidence for marine conditions comes from Weimer and Land (1975) and
Spencer (1961). Weimer and Land (1975) reported the occurrence of the marine foraminifer,
Haplophragmoides sp. and Spencer (1961) reported the occurrence of marine mollusks within
the lower Laramie Formation. Although the occurrence of Haplophragmoides sp. was above
the sandstone beds of the Fox Hills Formation, Weimer and Land (1975) placed the strata
containing Haplophragmoides sp. into the Fox Hills Formation because its presence indicated
marine to brackish-water conditions. Taking this information into account, the portion of the
Laramie Formation in this study most likely represents at least brackish-water conditions.
The high percentages of fern spore taxa in the study samples (see Appendix 2) indicate that
the depositional site was close to shore. Therefore, the portion of the Laramie Formation
encountered in this study probably represents a lagoonal, brackish-water environment.

The results of the palynological study indicate that only the uppermost Arapahoe
Sandstone identified in the Geologic Characterization report is fluvial. The other sandstone

units were probably deposited in a shallow marine or brackish water environment.
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. The second objective of this study was to determine if the Laramie and Arapahoe
Formations could be differentiated on the basis of their respective plant microfossil
assemblages. All of the samples from well B217489 are probably within the Laramie
Formation. The shallowest sample (45.1°-45.5") does contain a slightly different plant
microfossil assemblage from the samples below. Unfortunately, there were only 23
specimens in that sample which makes a conclusive interpretation difficult. Unless there is
lithologic evidence in this well for the Laramie/Arapahoe boundary between 45.5’ and 67.2°,
the plant microfossil evidence is not strong enough by itself to indicate a boundary in this
interval.

The samples from well #00291 provide some information for interpreting the
Laramie/Arapahoe boundary. The deepest sample (57.6’) contains a plant microfossii

. assemblage that is similar to the assemblage in well #B217489. This indicates that the
deepest sample from well #00291 is within the Laramie Formation. The two shallower
samples (33.9° and 35.0") are more difficult to interpret because of the poor recovery of plant
microfossils. Six specimens were recovered from the sample at 33.9° and 17 specimens were
recovered from the sample at 35.0°. The sample at 35.0’ does contain several acritarchs
which may indicate brackish-water conditions. It is possible that the acritarchs are reworked
from older material. Because the sample from 57.6 is within the Laramie Formation, the
Laramie/Arapahoe boundary is above 57.6’ in well #00291.

The single sample from well #B315289 contained only one pollen specimen and
therefore, cannot provide any reliable information. The single sample from well #00191 was

barren and therefore, cannot provide any additional information.
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The results of this biostratigraphic study suggest that if the Arapahoe Formation is
present in the studied wells, it is relatively thin. Rock units identified in the Geologic
Characterization report as Arapahoe Formation have similar plant microfossil assemblages as
the Laramie Formation. Subsequent efforts to identify the shallowest bedrock units as either
Laramie or Arapahoe were inconclusive because core samples from these shallow units were
too oxidized to yield satisfactory results.

The third objective was to use the plant microfossils to determine if any of several
calcareous siltstone beds identified by the well logger from core could be useful for
stratigraphic correlation of the wells. Wells #40591, #40891, #41191, #42892, #B217489,
#B217689, #B217789 and #B218589 contain one or more of these beds. Tables 1 and 2
show the occurrences of various pollen, spores, and dinoflagellates along with the calcareous
siltstone beds in each well. Selected pollen, spore, and dinoflagellate taxa from these eight
wells suggests that the calcareous siltstone beds may not make good stratigraphic markers.
The palynological data suggest the following correlations. In well #B217489 the caicareous
siltstone bed at 69.8" is designated as marker A. In the nearby well, #B218589, there are
three similar beds. The upper unit at 72.7° is designated as bed A, the one at 170.0° as bed
B, and the one at 255.4° as bed C. Table 3 shows a composite section formed by correlating
and combining the palynological data and depth information from these two wells. In Table
3, sample depths from well #B218589 are accompaniéd by the suffix (b). This composite
section serves as a reference section for trying to correlate the calcareous siltstone beds in the
other wells. In well #B217689, the palynological data suggest that the calcareous siltstone

bed at 82.6° correlates with bed B in the composite section. Many of the taxa that occur
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above the calcareous siltstone bed in this well do not occur above bed A in the composite
section, but do occur above bed B in the composite section. Similarly, the calcareous
siltstone bed at 114.8” in well #B217689 correlates better with calcarous siltstone bed C in
the composite section. Unfortunately, the lithostratigraphic data (see Appendix 1) suggest that
the upper calcareous siltstone bed at 82.6’ correlates with bed A in the composite section,
rather than bed B as the palynological data suggest. Similar discrepancies between the
lithostratigraphic data and biostratigraphic data are evident in several of the othér wells (see
Table 3). If these calcareous siltstone beds are to be used as stratigraphic markers, it will be
necessary to resolve the discrepancies between the lithostratigraphic and biostratigraphic data.
In reality, neither of these methods can stand alone to provide the necessary stratigraphic
resolution to solve these discrepancies. Therefore, the calcareous siltstone beds should not be
used as stratigraphic markers in the well cores until these discrepancies are resolved.

One of the most common uses for palynology is relative age dating. Several of the
taxa found during this study have reported occurrences in the literature that range from
Campanian to Maastrichtian. These taxa include Integricorpus rigidus and Liburnisporis
adnacus. Other taxa, such as Thomsonipollis magnificus and Tripunctisporis maastrichtiensis,
first appear in the Maastrichtian and range on up into younger strata. Some of the other taxa
have longer stratigraphic ranges and are less useful for estimating the age of the rocks in
these wells. By their overlapping stratigraphic ranges, the above mentioned taxa indicate that
the age of the rocks in these wells is at least Maastrichtian. This estimate can be refined
even more by noting the absence of significant upper Maastrichtian taxa (Nichols and

Jacobson, 1982), such as Aquilapollenites delicatus var. collaris and Wodehouseia spinata.
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The lack of upper Maastrichtian taxa suggests that the rocks sampled from the seven wells in

this study are most likely lower to middle Maastrichtian in age.
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50 CONCLUSIONS

Based on a combination of lithologic and palynological data the following conclusions
are made in this study:

1) Most of the Laramie Formation core sampled in this study represent
brackish-water, lagoonal conditions. The notable exceptions are the two deepest samples in
well #B217489 which contain no dinoflagellates. However, when this well is correlated with
#B218589 to form a composite section (Table 3), there are dinoflagellates present below the
two deepest samples from well #B217489.

2) The Laramie/Arapahoe contact probably does not occur within well #B217489. The
contact probably does occur within well #00291 somewhere above 57.6° and perhaps deeper
than 35.0". Otherwise, the biostratigraphic data from the wells studied, suggest that the
Arapahoe Formation is thinner than previously thought.

3) The calcareous siltstone beds in wells #40591, #40891, #41191, #42892,
#B217489, #B217689, #B217789, and #B218589 have questionable utility as stratigraphic
markers because of the different stratigraphic occurrences of selected plant microfossils
relative to these units. Exception to this recommendation could be justified for wells that
occur in close proximity to each other, such as wells #B217489 and #B218589. These
calcareous siltstone beds may represent several fluvial horizons with limited lateral extent that
were deposited at different stratigraphic levels within the Laramie Formation. It is likely that

the calcareous cement is secondary and was precipitated from carbonate saturated

groundwater.
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. 4) The Laramie Formation represented in this study is lower to middle Maastrichtian

in age.
. Palynology of the Uppermost Laramie Final Report
and Arapahoe Formations at the April 30, 1993
Rocky Flats Plant near Golden, Colorado 13

K




6.0 REFERENCES CITED

EG&G, 1991, Geologic Characterization Report for U.S. Department of Energy, Rocky Flats

Plant. July 31, 1991.

EG&G, 1992, Phase II Geologic Characterization - data acquisition, surface geologic mapping
of the Rocky Flats Plant and vicinity, Jefferson and Boulder counties, Colorado.
March, 1992.

Nichols, D.J., and Jacobson, S.R., 1982, Palynostratigraphic framework for the Cretaceous

(Albian - Maastrichtian) of the overthrust beit of Utah and Wyoming: Palynology, v. 6, p.

119- 147.

Spencer, F.D., 1961, Bedrock geology of the Louisville Quadrangle, Colorado: United States

Geological Survey, Geologic Quadrangle Map GQ-151.

Weimer, R.J.,, and Land, C.B, 1975, Maastrichtian deltaic and interdeltaic sedimentation in the
Rocky Mountain region of the United States: Geological Association of Canada,
Special Paper Number 13, p. 633-666.

OTHER USEFUL REFERENCES:

Drugg, W.S., 1967, Palynology of the upper Moreno Formation (Late Cretaceous-Paleocene)

Escarpado Canyon, California: Palacontographica, Abt. B, v. 120, p. 1-71, pl. 1-9.

Farabee, M.J., 1990, Triprojectate fossil pollen genera: Review of Palacobotany and
Palynology, v. 65, p. 341-347, pl. 1-2.

Farabee, M.J., and Canright, J.E., 1986, Stratigraphic palynology of the lower part of the

Lance Formation (Maastrichtian) of Wyoming: Palaeontographica, Abt. B, v. 199, p.

Palynology of the Uppermost Laramie Final Report
and Arapahoe Formations at the April 30, 1993
Rocky Flats Plant near Golden, Colorado 14




1-89, pl. 1-26.

OTHER USEFUL REFERENCES: (continued)

Farabee, ML.]., Vezey, E.L., and Skvarla, J.J., 1991, Systematics of the genus Striatocorpus

(Krutzsch 1970) Farabee et al. 1991: Palynology, v. 15, p. 81-90, pl. 1-3.

Funkhouser, J.W., 1961, Pollen of the genus Aquilapollenites: Micropaleontology, v. 7, no. 2,
p. 193-198, pl. 1-2.

Jameossanaie, A., 1987, Palynology and age of South Hospah coal-bearing deposits,
McKinley County, New Mexico: New Mexico Bureau of Mines & Mineral Resources
Bulletin 112, p. 1-65, pl. 6-17.

May, F.E., 1980, Dinoflagellate cysts of the Gymnodiniaceae, Peridiniaceae, and
Gonyaulacaceae from the upper Cretaceous Monmouth Group, Atlantic highlands, New
Jersey: Palaecontographica, Abt. B, v. 172, p. 10-116, pl. 1-23.

Srivastava, S.K., 1966, Upper Cretaceous microflora (Maastrichtian) from Scollard, Alberta,

Canada: Pollen et Spores, v. 8, no. 3, p. 497-552, pl. 1-11.

--------- , 1968, Reticulate species of Aquilapollenites and emendation of genus Mancicorpus

Mtchedlishvili: Pollen et Spores, v. 10, no. 3, p. 665-699, pl. 1-7.

-------- , 1970, Pollen biostratigraphy and paleoecology of the Edmonton Formation

(Maastrichtian), Alberta, Canada: Palacogeography, Palaeoclimatology, Palacoecology, v. 7,

p. 221-276, pl. 1-4.

-----——--, 1972, Systematic description of some spores from the Edmonton Formation

(Maastrichtian), Alberta, Canada: Palaeontographica, Abt. B, v. 139, p. 146, pl. 1-35.

Palynology of the Uppermost Laramie Final Report
and Arapahoe Formations at the April 30, 1993
Rocky Flats Plant near Golden, Colorado 15




. Tschudy, B.D., 1969, Species of Aquilapollenites and Fibulapollis from two upper Cretaceous
localities in Alaska: U.S. Geological Survey Professional Paper 643-A, p. A1-Al5, plL
1-16.
-------- , 1973, Palynology of the upper Campanian (Cretaceous) Judith River Formation,
north-central Montana: U.S. Geological Survey Professional Paper 770, p. 1-42, pl. 1-

11.

PALYNOLOGY PLATES
FERN SPORES |
PHOTO #: NAME:
. 1. Cibotiidites bettianus
2, Cicatricosisporites australiensis
3. Deltoidospora mesozoica
4, Gleicheniidites senonicus
5. Ghoshispora bella
6. Kuylisporites scutatus
7. | Laevigatosporites sp.
8. Liburnisporis adnacus
9. Retitriletes mirabilis
10. Triporoletes novomexicanus
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11.

12.

13.

14.

PHOTO #:

15.
16.
17.
18.
19.

20.

PHOTO #:

21.

22.

Triporoletes reticulatus
Tripunctisporis maastrichtiensis
Trisolissporites montanensis

Umbosporites callosus

PALYNOLOGY PLATES (cont.)
GYMNOSPERM POLLEN
NAME:
Callialasporites dampieri

Corollina torosa
Gnetaceaepollenites eocenipites
Equisetosporites volutus
Rugubivesiculites sp.

Taxodiaceaepollenites sp.

ANGIOSPERM POLLEN

NAME:

Agquilapollenites aptus

Agquilapollenites bertillonites

Palynology of the Uppermost Laramie
and Arapahoe Formations at the
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23. Aguilapollenites striatus
24. Aquilapollenites trialatus var. variabilis
25. Aquilapollenites turbidus
26. Integricorpus rigidus
27. Mancicorpus calvus
28. Pseudointegricorpus clarireticulatus
29. Erdtmanipollis procumbentiformis
30. Plicapollis serta
31. Proteacidites thalmanni
32. Thomsonipollis magnificus
33. Margocolporites sp.
PALYNOLOGY PLATES (cont.)
ANGIOSPERM POLLEN
34. Rhoipites globosus
35. Cupaniedites sp.
36. Retitrescolpites anguloluminosus
37. Liliacidites leei
38. Quadripollis krempii
- PALYNOLOGY PLATES (cont.)
Palynology of the Uppermost Laramie Final Report
and Arapahoe Formations at the April 30, 1993
Rocky Flats Plant near Golden, Colorado 18 :




' DINOFLAGELLATES

PHOTO #: NAME:

39. Chatangiella sp.
40. Cyclonephelium distinctum
41. Dinogymnium acuminatum
42, Dinogymnium digitus
43, Dinogymnium euclaense
44, Isabelidinium sp.
o
. Palynology of the Uppermost Laramie Final Report
and Arapahoe Formations at the April 30, 1993
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APPENDIX 1
TWO ATTACHMENTS FROM FRED GRIGSBY RE: POTENTIAL SUBSURFACE

STRATIGRAPHIC MARKER BEDS
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MEMORANDUM

DATE: June 24, 1992

TO: Laurie Host

FROM: Fred Grigsby

RE: Potential Marker Bed, Rocky Flats Site

Core logging has resulted in the identification of a calcareous siltstone bed that has been found
in boreholes site-wide. This bed, although relatively thin, appears to be consistent in lithology
and inferred lateral extent and may be a mappable unit that could be helpful in defining the
structure of the upper Laramie Formation underlying the Rocky Flats Plant.

This unit appears to be the uppermost calcareous siltstone of three neariy identcal beds. The
consistency and lateral continuity of the lower two beds has not been established, primarily due
to their depths. The second bed has been found in at least twelve holes, while only four
boreholes were deep enough to intercept the third bed.

The thickness of the top bed varies from a current maximum of 2.7 feet in hole 40392 to a
minimum of only 0.2 feet in holes 43892 and 44192. While these thickness are not especially
favorable, it should be noted that in hole 43892, which was completed this week, the bed was
intercepted at approximately the depth expected. Also of interest is the fact that an identical bed
was found in an obvious fault at a depth of 13 feet below the top bed. This hole is located in
the PA at Rocky Flats.

The calcareous siltstone marker bed has been recognized in 19 boreholes at depth ranging from
45.8 to 199.0 feet. A list of boreholes containing the potential marker bed is enclosed. When
the ground level survey is completed for these boreholes a structure contour map of the
calcareous siltstone bed could be constmucted. Such map may reveal that the siltstones’ present
configuradon is a result of: original depositional relief, folding of the western flank of the
Denver Basin, or possibly fault offset beneath Rocky Flats Plant.

This represents only a preliminary evaluation of the logging program. Connie Dodge has been
aware of the progress of this program, and has requested a copy of this memo.

cc: Connie Dodge EG&G
Rose Zeiler - ASI
Darrel Dunn ASI
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Potendal Calcareous Siltstone Marker Bed

Borehole Number | EG&G Number | Bed Depth Bed Thickness
40392 BHZ-43 53.0° 2.7
40592 BHZ-1 123.0° 1.5’
40892 BHZ-3 198.3° 2.5
41192 BHZ-45 45.8’ 1.0’
41392 BHZ-17 129.9’ 0.4’
41792 BHZ.50 50.1° 2.0
41892 BHZ-51 152.2° 1.8’
41992 BHZ-49 160.3’° 1.0
42092 BHZ-48 98.9’ L.r
42192 BHZ-47 156.8’ 0.7
42392 BHZ-6 199.0° 0.8’
42592 BHZ-9 122.2 0.8
42692 BHZ-12 106.3'* 1.4’
42892 BHZ-54 121.2 0.9’
43292 BHZ-53 103.6’ 0.5’
43892 BHZ-40 59.1° 0.2
43992 BHZ-41 80.9’ 0.6’
44092 BHZ-42 91.00 1.4’
44192 BHZ-52 70.17° 0.2°*

Best correlation




NOU 26 'Sz 4g:25 473 PQ2
|
®
H Well No. Elevation Depth Marker | Elevation Thickness
‘ | Matker _
B217589 | sos29r | 1887 57642 0.3’
B217689 5960.5" 82.6'* 5877.9 0.3’
\ 114.8' 5845.7° 05"
e \;xw B217789 5954.9" 77.0'* 5871.9" 0.15°
f;& ¢ o 146.6' 5808.3’ 1.6’
51 191.6' 5763.3’ 0.5"
| B218589 — | s5946.8° 2.7 5874.1° 0.15°
) 170.0° 5776.8° 0.45’
255.4’ 5691.4° 1.0
2887BR 5947.2' NONE
4686 6081.7" 1267 5955.0° 0.5
. 162.6" 5919.1" 0.2’
4886 6096.7° 115.5" 5981.2" 172
120.3° 5976.4' 0.15°
0887BR 5919.7" 100.5’ 5819.2" 2.0°
'3987BR 5947.1 NONE
B203789 5946.2 NONE
B203889 5935.8" 151.2' 5784.6' 0.6’
B203989 5920.9° NONE
B204089 5877.6' 205.8 5671.8" 0.2'
B204189 5328.9" 80.9° 5748.0" 0.2’
B304289 5833.0" 64.5'* 5768.5" 1.4°
' 106.8' 57262 1.45°
B404689 5901.4" 57.4'% 5844.0° 0.1’
B304989 57204 732 lﬁss.z’ |26 ]




Well No. Elevation Depth Marker Elevation Thickness
Marker |
B405289 5965.7' 2.4 5893.3° 2.6'
P208889 5947.3' NONE
P416989 6045.2 100.8’ 5044.4' 1.3°
B217089 5919.0 214.7* 5704.3 2.25'
232.9° 5686.1' 0.5’
243.4° 5675.6' 0.95’
271.8 56472’ 1.0°
287.6' 5631.4' 2.0°
B317189 5725.0° 7.5 5647.5° 0.8'
173.5'+ 55515 1.55'
184.6' 5540.4' 0.6'
B217289 5771.5° 110920 5668.3° 0.4’
172.3’ 5605.2" 0.3'
210.8’ 5566.7" 1.6
B217489 < | 59612’ 69.8* 5891.4° 0.2’

* Indicated marker bed with overlying claystone

*+  Possible repeated section of marker bed with upper claystone at 109.2’ and 210.8°.
Possible fauit indicated at 172.3°, One half of core calcareous siltstone and one half
claystone (70° + fracture).
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. LITHOLOGIC WELL LOGS
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WWWW ! ] It (5 Y b/1) nodules (undentifred].
WWWW H - b8 sand, 288 silt, bo¥ clay.
SN ‘ Z_Z ¥ :
WWWW ;] e (LASTOIE Carbonoceous Cloystone with soe 51l Brownish block (5 1R
WW%M CR e 22 tod. wdrated, slightly fricole when domp.
MWWW/ " ] 108 sl /-0 cloy
// {J HHH”HHH“- R i A [
MWWW === Y CLAYSTOE Siliy Claystoe it sone S, Srommsh black (3 1R /1
L = o gl lack 51 271w oive ooy 61 911, tondt
. I ] e LR
/WWM K BEGNES cwoon 1 Q%qgﬁ bedding. fod “induroted, slightly
WWW/M o ianie Fricble when dom.  Sond friction pred. guortz, vfag,
WWWW ] A §=_q_s sub-moulor. bel | sorfed.  Soae thinly lominoted
NN iy Intervols.
NN U ] ; :
WWWW ] (156 sond, 173 silt, 684 cloy
N U /] -
| WWWW L kgL 2 UASTOE: m%m%_é. Olive black (91 /). Hasse.
N b === cly
. e ST s i sue STt 4
N\ ] = loystone wiih same Silt. - Interbedded 51ty intervals.
. /%/// 1 = = —— =1 | - v
| %WWW == Ohive black 15 Y 2711 with olve oy O 1 /1) and light
W/%W E = olwe groy (51 0/1). w__fa Qﬂ_aa 176 ond
m W X T e |minations o vorves fron 77 to T8.0° showing « -
L W R 7 e ation or drog Feotures. e possible very ﬂq:_
S W A ] = mﬂm_mgw,._ . maaw. ooe 1o nod. abundt. cardon.
- N ] S _ fribie wen danp.
- WWWW LR e (10 siit, Y né.ﬁ
Coa X o ] = : _ c -
L WWWW . EE===GILTY (LAYSTONE: Silty Cloystore with troce Sond. Dusky ww__%_w_; brow {10 .
o WWWM ks DRSS 1R 72 to Lot ol wve oray (51 6/0). od. ahundt. carbon.
B \\\ === Vertical f idle of 1
_ NN /=] ectical frocture 1n madle of intervol. Generolly nossive
. 7 el S gl w
o WWWW p o %_M, %ﬁe& but shightly fricble uben dunp.  Froctre
o N s =7 angie €es.
B\ \\ 0 == ] e - e
" N N\ P A +~35 song “C19% 5114, 788 cloy.
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“ 10 SAPLE: Mo recovery.
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58]7'?

58176
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. = (AT Claystone. Olve black (37 2/1). Orilling induced froc-
] e tires (horiz.}. fricble, sticky shen wet. “Sone carbon-
B e aceous nater1ol.
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1
I
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58[7‘1
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I
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] === (SN Carbonoceous Cloystone. Broanish black (5 R /1), fricble
o == ond unconsoi . (onsol - Cloystane beds(T} ot 8.6 (3 1n.)

. == ond 815" laoorox. 4 .1 Fricbility ooy be e to frog-
‘ S nented corbon porticles.  Interval dorp.

et Y98 cly.
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SBLF.L
1
i
{
i

] == (IS Cloystone weth sone Silt. Browmish block (5 R /1)

] = Shntly silty. Troce corbon. flssive, dense, Indurarted
, Eeeeerey w__w:x?_a_w

x === H-108 silt, +/-308 cloy.
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STATE PLAE COORDINATE 1314 OEPH (FT)-100.0 (RORD ELEVAVION (FD): 8.6 PROUECT NUBER:  SITEMIOE 106 OF BORDNG NUYBER:
AN TR LA STTENIE (ASING DIREIER (D0 GE0L0GIST: 91, f6
£ Rt 5 | LCAIOR MUBER:  MID FOREHOLE DINEIER (- 100431 JAICORILED: 10/ 4029 l
RENRIS:  Hollow Stem fuger to 13.4', then conventional coring io1 0. T Logs 45T bealogists: Doun Denmison, Fred b asby. q
(B0 Ria Geotonist: R T Canon  Bocehale F1lled wthbentonste orout ond abondoned on 10/4/31.
AL TR oL \RID S8
AN 26 2 Z 5 MEIOTTR CASTEATI
SiZ ¥e if &8 COSTALTIN HUR RRX TR CESCRIPITON
3 14 n(}_1 ]
o SISO Cloystone wiih some Silt Save os coove,
| == S8 s, -85 cloy
K E SO Clopstone wih troce Siit. Browush black (5 R /L),
0 == Oodly broken, sone frogents wh shickensides. - [roce
5 91 = corbon.
= 8 silt, 5 cloy.
N [oasle ] =S
* H o MSHRL: Mo recovery.
. U]
. Lo ]
' i @ ]
; ! "
1 s JJ
N 1
1 " ] == (LSO Clulstone_ Brownis block (SR 2/ od. cundt. carbon,
| o | ===2 broken, fricble, dorp.
| " o] = Y58 cloy. .
SR - === AT CAISTONG: Silty Cloystore. Olive groy Y41} Dense, nod.
; . ay indirated, sossive. roce corbon.
" oy if-208 silt, +/-80K cloy.
n 4 F—/-— 1
Ern v~ 7]
===(000 Ot wih soe SilE. Olve oy (5 411, frace fo
n ] a0 corbon. Coorsely beaded. STugntly sifty
o Lo = (10% silt, 290K cloy.
(o A _
. s ey SILTY QLATSIONE: glltylﬁluystom Sme os obove (reference ingervol 4.2 o
| Y sk, o408 cloy
; N
:_ HObd "é CLATSTOE: %lﬁuyﬂone. Cone 05 above [reference interval 0.1° to
; S -
% 1SILTY CLAYSTONE: %’%l}y]muysmne. Sme o obove reference wtervoi 4.2 to
, n 0 ] . .
8- === (1RO glloxﬂom. Cme 05 chove reference interve: 0.1
0 ] {SILIY CLATSTONC: Silty Cloystone.  Sone o5 chove reference terval $1.2° o
ER 1 G .
s
P ] ]
.
Lo B MR N recover\{.
; o Total drilled depth = 1000
| 100
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WA TS “£A: STTEMIE (116 DIATIR (V- OGS fh
05| R ¢ CATR NOBER: 7 BREHOLE OIAETER (M- 10 073.T5 WERILED: /2081 40591
ROSRIS: 38T Geotoaust: Fred briosty, Lae fost. EBASCD Rig Geologisi; BT Canon. Gorehole 11led wiih bentonite grout ond obandoned an
AL,
WAL z § $ f E E LR NIFIED SO0
AN 23 sy Y IEMETR OLASSITITATIN
S £8 A 58 (ISRELTIN L[THILOGY R RIX TP {CSRIPTIN
51 x am s
, * b B bravel y Sond with sone Si1t ond Clay {toosoil). Browmsh
L groy (YR 411 bundt. roots. Grovei turtz ond quort-
P n It poorly oroded, sub-mouior . Sond ond silt, poarly
, \ ] | roceq pred. gmrtz ond wedinered {eldspor, suo-rounded to
o | | 3s aoroquior. Hod. cndt. mca in7g. froction. Joncal-
] ~ coreaus, fed. plasticity, nod. weqthered.
Lo 2 qrovel, 608 sod 124 sult, 6F cloy.
! o St Sendy 911t with sone broved ond trace Cloy. fellowsh qn{
‘ . (5 Y772) with sone very pole oronge (10 1R 8/2). Verycal-
5 i coreus, possible coliche bed (pieces only). Grovel poerly
‘ ] oroced, pred. quortz ong auerizite, subrounged dong
i 0 | oorly groded, Sub-mnouiar fo sub-rounded gtz and
i r weathered feldspor, iroce quortzite. fod. coundt. mico 1n
- n o] LR fg. fraction "Lod o ned. plosiiciy, nod. weaihered.
L by 38 grovel, 373 sond DY silt, & cloy.
N ] PR WAL No reoovery
P N _
N LI s R Sondy Silt. Sane os above (reference interval 06" to 1.3
Do YL except color change to red ver{Apole oronge (10 1R 8/2)
o ' 4] and interval nore calcareous (coliche cenented).
P . 238 grovel, 374 sond D30 silt, 2 cly.
FE. (IO Caliche bed with crovel ond clay closts. Mhite (M} with
N . light olve aray 1 6/1) cloy closts,
R 7 0SHPE o Recovery.
N ‘ J
fe] 4
R L2
rs
m [
7] 0 Sandy Clay with sone Silt and troce orovei . Fole yetlowsn
] / rown {10°YR B/2) 1o Thoht olwve opoy 3 16/1) wih abunat
E very pole orange (10 W/2) colcarenus {cofiche) infervais.
b Med. plosticity (-000 froctionl. Send pred. sub-rounced,
\ a quortz, goorly qoded.  Trace quortzite pedbles (apvox. "
\ . n)Cloys sod indorated Fred bodly broken. Very
. hlghI{ colcarents with severol coliche cesented/enr iched in-
2 tervais. Possible Cloystone clost or boulder o approx. 8
| : Trace orovel, 308 sond, <108 sift, 2608 cloy.
L 3040 bR 7
o :
o
i : }
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- o /
L 0 MO SAPLE: Mo recovery.
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STATE PLAE COORDINATE : [0AL DEPTH (FT): 186 0 (ROND [LOVATION (FT): 57%5.%6 PROECT MIBER:  SHTEMIE L0G OF BCRING MUMBER:
MR 1% A SITENICE (SING DIRTTER (DV): SEOL0GIST- fo.
1] K13t LOCATOR KURECR: U7 HREHILE OINETER (M- 10.03.73 G QRILED: 172191 4[]5 91
LS. 85T Geolograt; fred brigsby, Laurve st £34500 Rig eoloarats R.T. Conon. Borehale Filled wih benfomte grout ond abandoned on .
110AL.
w33 ir an e
r) g8 o Y bl
pit:3 iE Za S8 COSTRCTION LITHOGT R ROX TYRE SRIPTIN
B i 1
! T it - .

“ 0 NN ] 0 Sondy Clay wiih sone Stlt and irace Grovel . Soee 05 oove
i §§§§ (reference intervol b 0" to 9.) excent internixeg with
N B clasts of ned. oy {5] clay ond ove force quortaste peoble

o §§§§ 5 looprox. LT3 in. T, Al sme groyish ornge {10 1R 774
0 N\ nottling (Fel on clost surfocesond on sone”snal | Frochures.
o §§§§ Top of interval fess colcareous thon niervai fron 6.0 to
P §§\\§§ 95" fount of calcareous cenenting decreases toaords bot-

AN v ton of intervol. :
| §§§§ L =
L NN (e === NG Tooof Bedrock of L1
B\ 121 Cloystone with troce ot Light alive groy O 1 0/1) to
§§§ ] ol e groy (3 1 6/1) i ned. drk groy IV clasts
| §§§ 0 throughout 1nterval. Non-coicareous.  Soe graysh orange
o §§§ L3 110 YR 7/4) zenung ond mottling, Cloy indurated, dense
CF NN (gl nod. fricble shen donp. ~(The Tithology of this interval
o §§§ it B ;%imilar to that of cbove nterval’
I NN cloy.
o NN 0y
: \\\
| l §§§ E M) SHPLE: Mo recovery.
) §§§ ! 1 R CLAYSIONE: ﬂa{vls]tone. Su;eus above|lreferegce mtegul 1Lp tﬂp
. §§‘\\ ) except less qroy closts ond troce of carbon.
Lo \§§§ ‘ ot of wnterval broken, lower half infoct. i
N\ < S
§§§ . M0 SAAL Yo recovery.
N\ : -
§§§ 15 DA Cloystone. Erovish oronce (10 1R 774 to pole yel lowish
§§§\\§ ] bro (10 YR 6/2) wth dirk yellowsh oronce (10 1R /6)
\§§§ o el motilimg. per 0.6" sticky ond phicble. - Lower ier-
\§§§ -2 vl crinkly Texture, ood. imuroted. Troctured ldritlng i
| §§§§ 0 duced) . Care donp to slghtly donp.
: §§§§ 167 Y58 cloy.
§§§ CASIOE:  Cloystore. Color chome to ned. dork gray IN4). Heawl
BN\ y e k groy Vil
| NN ! fractured with fe Ocide mnerol 1zed fraciures. Hultiple
N\ ! Tuti
: §§§§ b froctwe dips. Core has crmle texture, nod, indurated
- §§§§ oAl o slghtly fridble. Multiple drilling nduced froctures.
. §§§§ ;rﬂie ?f th staining.  {roce carbon:
E §§§\ c 'l + 2
: §§§§ K MIE: 871 extro core recovery  5a 140" to 3.0,
N
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89T eoloqrst; fred Grigshy, Larre Host. EBASCD Rig Geologist; R T Conon. Borebwle firiled with bentonite grout and chardoned
11081
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LR INFIHD SILS
(COSTRCTIN LITHOLOBY (R ROX TR (ESCRIPTION
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N
|
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|
N
|
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* == Lithology vares considerably but becones nore: consstent

sy oody froments Fairly comon. Possibly some burrow costs.
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t STATE FLAAE COORDINATE AL OEPTH AT 1860 000 ELEVATION (T 5566 FOKCT MMBR:  SHIEMIE 106 OF BORTNG NXBER:
f ' NI R X 1 (516 AR (I0: LT
f; ! e ER 3 1) - GATOR NUBER- O REOLE DIMETER (M= 1037 ZAE (RILLED AL 4[]5 ql
ji’ ROURKS: AT Geolomst; Treg Griasty, Lourie fost.  £556D i Geologust: R T Canon  Borehale 1lfed wih benfonite qrout and obandoned on
108
Eu ~ R 553 D§ ; é ALR HIFED SOLS
25 I 7N 28 8¥ % FETHTR CLASSTFICATION
pe é HE £¥ 24 58 TASTALTION UMLUET R RO XSLRPTIN
| \ g
i NN |
| ) r
§\§ 61
N
' NN
; §§ 1000|¢
! N g
. N\ ‘
i N §§ n 1
¥ NN 82
1 §§ g MSAPE o recovery
§ N\
! \§§ 5
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D cloystone. Both thicker interbedded ws and thin Iming-
/=1 tions, Interval extensively broken n Tower half . Soe in-
ey dications of breccia. Overail core nod. indurated ond
=1 cenented. fod. fricble in sore 51ty intervals, slightly
g fridble in nore clozey beds. o coparent wel| cef ined bed-
1 = dmﬂ |oes. Some to nod cbundt. carbon.
7] Y silt, CT08 cloy.
7 =7~
b — /- — /-
7~ 7]
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YA silt, Q¥ cloy.
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cloystone ot 130" t0 103.2". HOSHIThOkQ{YUI‘IQhOm
gradotional . Overal| core od. indurated, siftier intervols
vell cenented  Core dog, od. to shahtly Frible. %o -
porent bedding ar identif rable frocturing.  Trace to bod.
abundt. carbon throughout.

(8 silt /=608 Cloy.
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voriohle thmuahout interval.
8 silt, o808 cloy.

=1 ({AfSTONE: CluYstone, Ol1ve black (5 Y 2/1) with I|?vt olive U{ Y
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1 01067
O silt, o008 cloy.

E[ELMSI[NEI E%yagt)me. Sme o5 above (reference intervel 156" to
] B8 cloy.
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PROJECT NIBER:  SITEITE 106 O BORTND NUMBER:

ARE
AN
SIE

LIy
PIZOETR
COSTRCTION

PEACENT
RECOVERY
RECOVERY/
INTERVAL
DATURIFT)
DEPTHIFT)

—
L
s

1
SS07

141

1570

T
SS06e

14

b i

S50S

194

144

S5S0=

1451

SsS03

T
SSsS02

1%

10710

SSOoa

1971

ESES%JED

!
S=_DD

(ESCRIPTION

CLAYSIOE:  Cloystone. Olave block (37 2/0) to broanish black (5 1R
S« with s {ight ol ve gray (3 1 6/1) aottling.  Core
vories fron a_gw ond pliadle (aod. dorp) to nod indurated
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vén_am_
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4 obongoned on 11/0L/91.
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% RENARKS: Uriliing Equipnent: CHE 750 ATV, STHCO 2800, ST Geol olgist: Fred Grigshy. EBSC0 Geologist: J. Boylon. Borehole Filled with
g % bentonite qrout and cbandoned on 05/14/%.
- R :§ Bf 0L R INITD S00
e & AN g0 g 2 @ PIEZFETER CLASSTFICATION
e & SIE g E g3 88 CONSTRECTION LITHXOBY  OR ROX TVPE DESCRIPTIN
o, W m 1o 7 - A . ,
o o H ke GruvelléSund with some CIu<,undS|ItA (rayish brown (5 1R
| " Y2, Somple dry, low plosticity. Sond ueh qroded Fred‘
| ///% qurtz ond qurtzite 0 c.q. froction: ond quartz and feld-
i . 5 500" 1 n.g_,tofg. froction, pred. sub-ongular to sw-
| e 3 A ronded Stightly calcoreous at botton of interval
| ] \ 238 grovel, 0% smd 146 silt, 28 cloy.
e " i Sy e, th e Cy wd ST G 0
R : 321" Coliche cenented. Grovel poorly qroded, don. |th-
S ] , olo% qurtzite, sox. pedble size 2.0°) Subrongulor Sond
tG |1tholagy sme os above (reference ntervol 0.0 0 0.T').
! - ] S0 grovel, 2% snd, T8 silt, 16 cloy.
3 ‘ MO SHPLE: No recovery.
: M.:  Caliche, conposed of colcareous cenent and clayey 9ilt with
2 sme Sond and Crovel . Pred. very pale oronge llﬁ Y2
(. “Unconsol. ravel Hred. ot botton of interval with one 3.0
| : - cd;hle, Iund one £.0" pebble. Sone saoller grovel throughout
] interval
1nag ] 128 grovel, 178 sond 938 s1lt, 284 cloy.
| o MO SHPLE: Mo recovery.
b L
e o
. . CLAISIONE: ~ Claystone boulder or slab. Yellowsh groy (5.1 7/2) sone
L ] gm¥|sh ornge (10 R T/2) strecks (e stoiming) - Stne ben-
P! ‘ itite nodules. Core cooted with coliche lor seared).
IR i 998 cloy.
P . === IO Caliche with Cloystone frogoents ond quartzite grovel at
pze o " e contact with be%ock, s ¥ d
o ] == - Bhclyy.
i b7 CLATSTONE: ~ Too of Bedrock ot 7.0
E I _ Claystone with sore Silt ond troce Sond. Yellowish groy 3
b 17120 with dork yellowish orange (10 YR6/6). Heovy fe
: stoining. 51t and sond occur in silty or sondy cloystone
£ M0 ] lenses.” Loyer of hentite nodules (lenses) occuring ot
0 g approx. 1.2 Fron top of interval. Nemerous calsche lenses
R in wpper 13" of interval. CIuYstoner dense and indurat-
D ed non-frighle. Core breaks along i1ty or sandy zoes. -
' : Core dry. No well def ined bedding.
] (O sond 13K silt, 80K cloy.
P A CAYSTONE: Cloystore. Yellowsh gray (3 7/2). Slughtly donp ond phi-
m ro . wle. NTrlrggmbée. HEPE;]TGIWUIEE ?nd Tin%guhﬁatmn ot
- approx. 114" Sone calsche lenses beloa 11T, Mo
| 0S5 o bl w
01308 9 cloy.
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CREFMITATC SARAPLEL DEPTH
GEOTECHNICAL SAMPLE D!

SAMPLE HUMBER

STATE PLAXE COOPDINATE: THTAL CEPTH {FTI<159.6 CROUND ELEVATION (FT3: 9%4.03 PROJECT MMBER:  STIENINE 106 OF BORTNG NJMBER:
MR- 748876 AREA: STTEMICE CASING OTATTER (DN GEQLOGIST: . GRIGSBY
AT 20892 LOCATOR MRR: 19 BOREHOLE OIWETER (M- 10.03.79 OATC DRILLED: 012 42892
REMRKS:  Orilling Equipaent: (M€ 750 ATV, STHO0 2800, AST Geol olgist: Fred Grigoby. EBASED Geologist: J. Boylon. Boretwle Filed with
bentonite grout and dhandored on §5/14/%2.
ol :E §r b LR (NIFED S0
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CTHEHWICAL SARFPLE DEPT
GEOTECHNICAL SAMPLE O

SAMPLE NUMBER

STATE PLANE COORDINATE 0TAL DEPTH (FT3:159.6 (ROND ELEVATION (FT): 5%4.13 PROJECT NBER-  STIEMIOE L0 0F BORING HUYBER:
NRTH: 48T fAEA STTEWICE (ASING DIAETER (TN GEOLOGIST fGRIGSHY
(st 208502 LOCATOR NUIBER: (3 EOREHOLE DIRAETER (M) 10.0/3.79 OATE DRILLED 1% 4 2 8 9 2
ROURS: il ing Equpnent:  CHE TS0 ATV, SIXED 2800, #ST Geololqust: Fred Grigsby. EBASED feologist: J. Soyln. Borebole Filled with
bentonite arout ond abondoned on 03/14/92.

HRE s & g LE LR NFID SILS
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u Loox & l‘lm (V\'l ).
| I
NI
i : 1
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SARPLY UEPT
GEOTECHNICAL SAMPLE
SAMPLE NUMBER

CREATICAL

STATE PLANE COURDINATE TOTAL EPTH (FT)-158.6 GROUD ELEVATION (D). S84 13 PROJECT NUMBER  SHTEMIDE 106 OF BORING NUKGER-
HRTH: 74876 A4EA: STTEMICE CASTNG DLFYETER (N GE0L0GIST [ GRIGSRY
(ST 08082 LICATOR MYBER: L9 BOREHOLE DIMETER (M- 10.0/3.78 OATC (RILLED: — 09/10/% 4 2 8 9 2
ARS: Ol ing Couipeent: O 750 ATV, SIXCO 2800. 51 Geol olgist: Fred Grigsby. - EBASLD Geologist- J. Boylon. Borehole Filled with
bentonite arout and abndored on 0Y/14/%L.

R :§ 88 g E LR NFID SOLS

RAIN g0 g Ea PIEIOETER QLASSIFICATION

SIE &e ¥ A S8 COSTRCTION LITHOLOBY R ROX TYFE (CSCRIPTION

T 5

Dol 0

b 0o

L

|

L 5 &

L .

P 0

L

P _g‘ 82

, I

L "

;o

P 0

P "

o ] 1

‘ n

| s

. 0 1

; ()

; B3

o 0

L i

L bogH
] NOSAPLE: Mo recovery.
)
| 0 —
! T CLAYSINE: ~ Cloystone with sone Silt. []usk% yellowsh brown (10 1R 272)
: o to broanish black (9 1R 2/1). Lore consists of domp, yncon-
% 50l intervals and sl ghtly donp o dry intect core. Intact
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APPENDIX 3

' PLANT MICROFOSSIL COUNT DATA FROM

WELL #B217489 AND WELL #00291

. Palynology of the Uppermost Laramie Final Report
and Arapahoe Formations at the April 30, 1993
Rocky Flats Plant near Golden, Colorado ‘
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o

POLLEN, SPORE, & DINO COUNTS

SAMPLE# B217489-1  45.1-45.5'

DATE: 28 OCTOBER 1992

%

COUNTS
1. Gymnosperms
Monocolpate 0 0%
Bisaccates 1 4%
Corollina 0 0%
TCT 2 9%
Other 0] 0%
2. Spores
Trilete 5 22%
Monolete 3 13%
Schizosporis 1 4%
3. Angiosperms
Triprojectate 0 0%
Tricolpate 5 22%
Triporate 0 0%
Tricolporate 1 4%
Periporate 5 22%
4. Dinoflageliates
Cyclonephelium 0 0%
Spiniferites 0 0%
Oligosphaeridium 0 0%
Dinogymnium 0 0%
Chatangiella/Isabelidinium 0 0%
Other 0 0%
Acritarchs 0 0%
TOTAL|23 100%

Page 1




POLLEN, SPORE, & DINO COUNTS

SAMPLE# B217489-2 67.2

DATE: 28 OCTOBER 1992

%

COUNTS

1. Gymnosperms

Monocoipate 2 1%
Bisaccates 16 5%
Corollina 2 1%
TCT 50 17%
Other 1 0%
2. Spores
Trilete 117 39%
Monolete 24 8%
Schizosporis 14 5%
3. Angiosperms
Triprojectate 7 2%
Tricolpate 9 3%
Triporate 23 8%
Tricolporate 2 1%
Periporate 1 0%
4. Dinoflagellates
Cyclonephelium 4 1%
Spiniferites 4 1%
Oligosphaeridium 0 . 0%
Dinogymnium 3 1%
Chatangiella/Isabelidinium 0 0%
Other 16 5%
Acritarchs 5 2%
TOTAL|300 100%

Page 2




POLLEN, SPORE, & DINO COUNTS

SAMPLE# B217489-3 75.9'

DATE: 28 OCTOBER 1992

%

COUNTS

1. Gymnosperms

Monocolpate 21 11%
Bisaccates 2 1%
Corollina 0 0%
TCT 29 15%
Other 1 1%
2. Spores
Trilete 102 53%
Monolete 26 13%
Schizosporis 3 2%
3. Anglosperms
Triprojectate 1 1%
Tricolpate 7 4%
Triporate 1 1%
Tricolporate 0 0%
Periporate 1 1%
4. Dinoflagellates
Cyclonephelium 0 0%
Spiniferites 0 0%
Oligosphaeridium 0 0%
Dinogymnium 0 0%
Chatangiella/Isabelidinium 0 0%
Other 0 0%
Acritarchs 0 0%
TOTAL|194 100%
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POLLEN, SPORE, & DINO COUNTS

SAMPLE# B217489-4 84.3'

DATE: 28 OCTOBER 1992

%

COUNTS

1. Gymnosperms

Monocoipate 2 1%
Bisaccates 13 6%
Corollina 0 0%
TCT 51 25%
Other 0 0%
2. Spores
Trilete 78 38%
Monolete 18 9%
Schizosporis 5 2%
3. Anglosperms
Triprojectate 3 1%
Tricolpate 5 2%
Triporate 14 7%
Tricolporate 2 1%
Periporate 0 0%
4. Dinoflagellates
Cyclonephelium 1 0%
Spiniferites 3 1%
Oligosphaeridium 1 0%
Dinogymnium 1 0%
Chatangiella/Isabelidinium 1 0%
Other 5 2%
Acritarchs 1 0%
TOTAL|204 100%
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POLLEN, SPORE, & DINO COUNTS

SAMPLE# B217489-5 86.1' DATE: 28 OCTOBER 1992 %
COUNTS
1. Gymnosperms
Monocolpate 2 1%
Bisaccates 9 4%
Corollina 0 0%
TCT 13 6%
Other 1 0%
2. Spores
Trilete 121 60%
Monolete 14 7%
Schizosporis 0 0%
3. Angiosperms
Triprojectate 8 4%
Tricolpate 3 1%
Triporate 13 6%
Tricolporate 0%
Periporate 0%
4. Dinoflagellates
Cyclonephelium 1 0%
Spiniferites 2 1%
Oligosphaeridium 0 0%
Dinogymnium 3 1%
Chatangiella/lsabelidinium 3 1%
Other 6 3%
Acritarchs 3 1%
TOTAL|203 100%
Page 5




12|

POLLEN, SPORE, & DINO COUNTS

SAMPLE# B217489-6 91.5'

DATE: 28 OCTOBER 1992

%

COUNTS
1. Gymnosperms
Monocolpate 2%
Bisaccates 10 5%
Corollina 0 0%
TCT 26 13%
Other 0 0%
2. Spores
Trilete 102 51%
Monolete 27 14%
Schizosporis 2 1%
3. Angiosperms
Triprojectate 3 2%
Tricolpate 1 1%
Triporate 15 8%
Tricolporate 2 1%
Periporate 1 1%
4. Dinoflagellates
Cyclonephelium 0 0%
Spiniferites 0 0%
Oligosphaeridium 0 0%
Dinogymnium 15 3%
Chatangiella/Isabelidinium 0 0%
Other 1 1%
Acritarchs 1 1%
TOTAL|200 100%
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POLLEN, SPORE, & DINO COUNTS

SAMPLE# B217489-14 214.3'

DATE: 28 OCTOBER 1992

%

COUNTS

1. Gymnosperms

Monocolpate 9 4%
Bisaccates 0 0%
Corollina 0 0%
TCT 19 9%
Other 0 0%
2. Spores
Trilete 65 32%
Monolete 35 17%
Schizosporis 1 0%
3. Anglosperms
Triprojectate 3 1%
Tricolpate 6 3%
Triporate 29 14%
Tricolporate 35 17%
Periporate 0 0%
4. Dinoflageliates
Cyclonephelium 0 0%
Spiniferites 0 0%
Oligosphaeridium 0 0%
Dinogymnium 0 0%
Chatangiella/Isabelidinium 0 0%
Other 0 0%
Acritarchs 0 0%
TOTAL{202 100%
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POLLEN, SPORE, & DINO COUNTS

SAMPLE# 00291-4 57.6'

DATE: 28 OCTOBER 1992

%

COUNTS
Gymnosperms
Monocolpate 2 1%
Bisaccates 9 4%
Corollina 0 0%
TCT 14 7%
Other 0 0%
2. Spores
Trilete 109 53%
Monolete 20 10%
Schizosporis 1 0%
Angiosperms
Triprojectate 10 5%
Tricolpate 1 0%
Triporate 4 2%
Tricolporate 0 0%
Periporate 0 0%
Dinoflagellates
Cyclonephelium 7 3%
Spiniferites 2 1%
Oligosphaeridium 1 0%
Dinogymnium 2 1%
Chatangiella/Isabelidinium 2 1%
Other 15 7%
Acritarchs 5 2%
TOTAL[204 100%
Page 8
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TABLE 3

ROCKY FLATS POLLEN, SPORE, AND DINOFLAGELLATE OCCURRENCES
POLLEN AND SPORE TAXA

TAXA Aat|] Abt{AdejAqujAse] Ast{ Atu]Atvu|Atvw|Cau|Cbe|Cda{Cmi|Cto{Chs|Cus
WELLS B217489 and [Lithostrat ID{Biostrat ID| 25 | 1 | 34 | 32 | 42} 23 | 24

B218589 Composite
45.1'

Emi|EpriEvo|Geo|Ghs|Ire | Iri |Ksc|Lad|Lis|Mca|MunMas|Mos| Pcl
22 | 37| 18 [ 43 1 49 | 58 | 14 | 48 | 7 | 15[/ 35 |40 | 6 129 |53 |41 8 1161112 44

Pin|Pma|Pno| Pre[Psc| Prs |Pss |Qkr|Ran|{Rgl|Rmi|Smo

612 g .
69.8' MARKER? A A
759
84.3

86.1°
91.5'
110.0°
120.5'
130.7
149.0
162.0 (b)
162.1°

170.0' MARKER7(b) B B

178.9"
182.0'0)

198.3

202.6'0)

2143

2220'0)

243.2'(b) |

255.4' MARKER?(b) c C

i i 5 X : ,\: / ///////////////
2724'() : :

289.8'(b)

Pagel

Best Available Copy




TABLE 3 Cont’d

ROCKY FLATS POLLEN, SPORE, AND DINOFLAGELLATE OCCURRENCES

DINOFLAGEILATE TAXA TAXA (Polien and Spores) TAXA (Dinoflagellates)
TAXA Tco{Tma|Tma|Tmi|Tas |Tedb{Trs| Trt [Ueca Cdi| Cfi|Coc Crs|Dac|Ddi|Deu| Din|Exs| Flo [ImajImi] Isa |OcojOve| Oli | Spf { Spn Aquﬂapollmnanmuanu(?j) Ch iclia spp. (C)
WELLS B217489 and |Lithostrat ID[Biostrat ID| 39 | 4 131 1 57 |33 |20 30| 21 | 13 G| QlK U 1 J | M E S P TR L|D|H F|l A B Aq bertillonites (1) Cordosphaeridium fibrospinosum (Q)
B218389 Composit . Aquilapollnitcs delicass (34) Coronil i )
45.1' Aquilapollenites quadrilobus (32) Cribroperidinium spp. (U)
612 Aquilapollenites (42) Cyclonephelium disti (9]
69.8' MARKER? A O KR RSRLNNN Aqu‘]‘wum striatus (23) Dinogy nmium acuminatum (T)
759 q I trialatus var. uniformis (22) |Dinogymnium digitus ()
84.3' .‘ quilapollenites trisiatus var. varisbilis (37) _|Dinogymnium euclacnse (M)
86.1' Aquilapollenites turbidus (24) Dinogymniumsp. (E)
iy Callaliasporites dampicri (49) Exochosphacridium spp. (S)
110.0° Chenopodipollis sp. (48) Florentinia sp. (P)
120.5' Chomotriletes minor (38) Tsabelidinium magsum (T)
130.7 Cibotiidites bettianus (43) Taabelidinium microanmum (R)
149.0 Cicatricosisporites australicnsis (18) Isabelidinium spp. (L)
162.0' ) Corollina torosa (14) Odontochitina ®)
162.1° Cupanicidites spp. (7) Oligosphacridium sp. (F)
170.0' MARKER?(b) B Equi porites volutus (40) Ovoidinjum verrucosum (H)
178.9 &ﬂtmampollu procumbentiformis (35) Spinidinium spp. (B)
182.0'b) E miidites minor (15) Spiniferites spp. (A)
198.3° Ghokispors . 29)
202.6'b) Ilenites eocenipites (6)
2143 lmegnco:pun reticulatus (53)
222.0') Integricorpus rigidus (41)
243.2'0) Kuylisporites scutatus (8)
2554 MARKER(b) C 7 / /% | Lismisporis adnacus (16)
257.7(b) Liliacidites spp. (11)
IN4'0) Mancicarpus calvus (12)
289.8') Margocolporites sp. (3)

Miaoreticulatisporites uniformis (44)

M pollis sp. (56)

Plicapollis retusus (55)

- |Plicapollis serta (17)

Polypodiacecisparites macrospeciosus (26)

Polypodiisporitcs inangahucnsis (27)

Proteacidites spp. (10)

Pseudouneyworp\u clarireticulatus (45)

P, x

oV (36)

Pseudoplicapollis sp. (28)

Quadripollis kremypii (46)

LEGEND

Retitrescolpites anguloluminosus (5)

Retitriletes mirabilis (19) X = Plant microfossil occurrence
Rhoipites globosus (2)

Siberiapollis montanensis (9) Range of fossil occurrences
 Taxodi pollenites sp. (33)

Thomsonipollis magnificus (31) = Calcareous siltstone bed A
Tricolpites microreticulatus (57) l

Trip spp. (30) = Calcarcous siitstone bed B
Triporopollenites coryloides (39)

Triporopolienites sp. "baculate” (20) = Calcareous silistone bed C
Triporopolienites sp. “triangular” (21)

Tripunctisporis maastrichtiensis (4)

Umbosporites call (13) RAC 1993

i
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TABLE 1

ROCKY FLATS POLLEN, SPORE, AND DINOFI.AGELLATE OCCURRENCES

POLLEN AND SPORE TAXA
TAXA AatjAbt|AdejAqulAse| Ast | AtujAtvu] Atvw]Cau|Cbe{Cda|Cmi|Cto|Chs|[Cus|Emi| Epr|Evo{Geo|Ghsj Ire| Iri | Ksc|Lad| Lis M cajMun]Mas{Mos| Pcl | Pin |Pma] Pno| Pre| Pse| Prs| Pss | QkrjRan| Rgl |R mi
Lithostrat ID {Blostrat [D| 25 1 34 132 7142)23 1 24| 2137]|18]43 |49 | 58| 14| 48 7 1S|35] 40| 6 | 29 ] 53| 41 8 16 1 11 12 | 4 3 56 | 45 1 27| 26 1 36 | S5 [ 17 ] 10| 28 | 46 S 2 19

WELL B217489
45.1'
61.2

69.8 MARKER? A A
5.9
84.3'

86.1'
915
110.0°
120.58'
130.7°
149.0°
162.1'
178.9°
198.3°
2143

WELL B218S89 .
72.7MARKER? A A
162.0"
170.0' MARKER? B B
182.0°
202.6'
220
243.2
255.4' MARKER? (o C
2517
2724
289.8'

WELL 00291

33.9
35.0
51.6

WELL 00191
284" BARREN

WELL B315289 NEARLY BARREN
19.7

Page 1
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TABLE 1 Cont’d

ROCKY FLATS POLLEN, SPORE, AND DINOFLAGELLATE OCCURRENCES

fest Available Copy

DINOFLAGELLATE TAXA TAXA (Polien and Spores) TAXA (Dinoflag
TAXA Smo{Teo|TmalTmalTmi|Tas| Trb | Trs | Trt{Uca Cdi|Cfi]Coc| Cnt | Crs|Dec|{Ddi|Deu| Din|Exs{ Flo {Ima]| I mi Oco|Ovel Oli | Spf | Spn quilap attenuatus (25) Chatangielta spp. (C)
Lithostrat ID {Blostrat ID{ 9 | 39 | 4 31157133 20(30}211]13 GIlQIlK UjIr1lJ3JIMIEIS]IPITIR DIH|FI!A|B Ag ap bertillonites (1) Cordosphaeridium fibrospinosum (Q)
WELL B217489 Aquilap ddi (34) Coronifers oceanica (K)
45.1° Aquilapollenites quadrilobus (32) Cribroperidinium spp. (U)
61.2 Aquilapoll icus (42) Cyclonephelium distinctum (G)
69.8' MARKER? A |Aquilapollanites striatus (23) Dinogymnium acuminatum (T)
3.9 Aquilapollenites trialatus var. uniformis (22) {Dinogymnium digitus (J)
84.3' Aquilapollenites trialatus var. varisbilis (37) | Dinogymmium ™)
86.1° Aquilapolleni turbxdus (24) Dinogymmnium sp. (E)
918 Cnllahupomu dampieri (49) Exochosphaeridium spp. (S)
110.0° Chenopodipollis sp. (48) Florentinia sp. (P)
120.5' Chomotriletes minor (58) Isabelidinium magnum (T)
130.7 Cibotiidites bettianus (43) sabelidinium microarmum (R)
149.0° Cicatricosisparites australicnsis (18) Isabelidinium spp. (L)
1621° Corollina torosa (14) Odontochitina costata (D)
178.9° Cupanieidites spp. (7) Oligosphaeridium sp. (F)
198.3' Equisetosporites volutus (40) Ovoidinium ver (H)
214.3' Esdtmanipollis p bentiformis (35) Spinidinium spp. (B)
Eucommiidites minor (15) Spiniferites spp. (A)
Ghoshispora spp (29)
Gnet, P i (6)
WELL B218589 Integricorpus reticulatus 453L
72.T MARKER? A Integricorpus rigidus (41)
1620’ Kuylisparites (8)
170.0) MARKER? B Liburnisporis adnacus (16)
1820° Lihlcidxte‘ spp- (11)
2026’ pus calvus (12)
222.0' Mnrgocolponm sp. (3)
243.2' Micrareticulatisporites uniformis (44)
255.4' MARKER? C M pollis sp. (56)
2517 Plicapollis retusus (55)
mne |Plicapollis serta (17)
289.8’ |Polypodisceoisporites macrospeciosus (26)
[Polypodiisporites inangahuensis (27)
Proteacidites spp. (10)
Pseudointegricorpus clarireticulatus (45)
WELL 00291 Pseudointegricorpus novacolpites (36)
i1y Pscudoplicapollis sp. (28)
350 Qadnpollm krempii (46L LEGEND
316 Retitrescolp bumir [5)
Retitriletes mmblhﬂDL X = Plant microfossil occurrence
|Rhoipites globosus (2)
Siberiapollis is (9) Range of fossil occurrences
WELL 00191 Taxodi —ollenites sp. (33)
24 IThomsonipollis magnificus (31) = Caleareous silistone bed A
Tricolpites microreticulatus (57)
 Triporoletes spp. (30) = Caleareous siltstone bed B
[Triporopollenites coryloides (39)
WELL B315289 [Triporopollenites sp. “baculate” (20) = Calcarcous siltstone bed C
19.7 Triparopollenites sp. “triangular® (21)
Tripunctisporis masstrichtienais (4)
Umbesporites callosus (13) RAC 1993




TABLE 2

ROCKY FLATS POLLEN, SPORE, AND DINOFLAGELLATE OCCURRENCES

POLLEN AND SPORE TAXA
TAXA Aat|AbtiAde[AqulAse| Ast|Atu|AtvulAtvy[Cau[Cbe[Cda|Cmi| Cto[Chs|Cus|Emi|Epr[Evo]Geo|Ghs| Ive | Iri [Ksc|Lad| Lis M cajM uniMas|Mos| Pcl [ Pin [Pma|Pno| Pre{Psc|Prs| Pss|Qkr/Ran|Rgl{Rmi
Lithostrat ID |Biostrat ID| 25 1 3413214223 |24122137]| 1843 )49 |58 1¢] 48] 7 [15[ 35| 40| 6| 29 53 41 8 161111244 | 3 56 { 45 | 27 [ 26 | 36 1 S5 117 (10|28 (46| S 2 19

WELL 40891
28
1789
198.3' MARKER? A A

201.0°

WELL 40591

1140

123.0' MARKER? A A

126.5'
132.1'

1411

WELL 42892
1028’

121.2 MARKER? A B

122.1'
1398

WELL 41191
4.4
4.8

45.8' MARKER? A

2.0
85.1'

9.3
120.0'

WELL B217689

82.3

$2.6 MARKER? A B

87.3

104.8'
114.8' MARKER? B c
1169

WELL B21778%
768

77.0' MARKER? A B

8.7




TABLE 2 Cont’d

ROCKY FLATS POLLEN, SPORE, AND DINOFLAGELLATE OCCURRENCES

DINOFLAGELLATE TAXA TAXA (Pollen and Spores) TAXA (Dinoflageilates)
TAXA Smo|Tco |Tma|Tma|Tmi|Tas|Trb|Trs| Trt|Uca Cdi|Cfi|Coc| Cht [Crs|DicIDdi|Deu| Din { Exs} Flo |Ima|Imi| Isa |Oco/Ove| Oli | Spf | Spn quilapollenites atteruatus (25) Chatangiclla spp. (C)
Lithostrat ID |Biostrat ID| 9 | 39 ! 4 |31 | §7 |33 | 20|30 ] 21 | 13 G|lQ|Klc]JUuUjJI1]|]J|IM|E}|S|PIT|R|L|D H|F|A|B Aquilapollenites bertillonites (1) Cordosphacridium fibrospinosum (Q)
WELL 40891 Aquilapollenites deli (34) Coronifera ica (K)
2.5 fs e Aquilapollenites quadrilobus (32) Cribroperidinium spp. (U)
1789 Aquilapolienites senonicus (42) Cyel helium distinctum (G)
198.3' MARKER? A A ' Adquilapollenites striatus (23) Dinogymnium ncummnnnn [U)
201.0' 0 & Aquilapollmita trialatus var. uniformis (22) |Dinogymmium digitus (J)
Aquilapollenites trialatus var. variabilis (37) |Dinogymmnium eucla M)
Adquilapolienites mrb:dus (%4) Dinogymmium sp. (E)
Callaliasporites d i (49) Exochosphaeridium spp. (S)
WELL 40591 Chenopodipollis sp. (48) Flormumn sp. (P)
114.0' Chomotriletes minor (58) belidinium magnum (T)
123.0' MARKER? A A Cibotiidites bettianus (43) Isabelidinium microarmum (R)
1265 : ‘ : Cicatricosisporites is (18) Isabelidinium spp. (L) |
1321 Corollina torosa (14) Odontochitina (D)
141.1° Cupamexdnes spp. (1) Oligosphaeridium sp. (F)
porites volutus (40) Ovoidinium verrucosum (H)
Erdunampollm procumbentiformmis (35) Spinidinium spp. (B)
Eucommiidites minor (15) Spiniferites spp. (A)
WELL 42892 Ghoshispora spp. (29)
102.5° Gni acpollenites cocenipites (6)
121.2 MARKER? B Integricorpus reticulatus (53)
122.1' Integricorpus rigidus (41)
139.8' Kuylisporites scutatus (8)
Liburnisporis adnacus (16)
Liliacidites spp. (11)
Mancicorpus calvus (12)
WELL 41191 Margocolporites sp. (3)
414 Microreticulatisporites uniformis (44)
“.8 \ \ \ E Montanapollis sp. (56)
45 F MARKER? B \\\\\\\\\ \\\\\\ \\\\\\\\\\\\\\\\\\\ \\j\\\\\|\ , Plcapoli o gS)
icapollis serta
83.1' e Polypodiaceoisporites macrospeciosus (26)
91.3 Polypodiisporites inangahuensis (27)
120.0' Proteacidites spp. (10)
Pseudointegricorpus clarireticulatus (45)
Pseudointegricorpus novacolpites (36)
Pseudoplicapollis sp. (28)
WELL B217689 Quadripollis krenpii (46) LEGEND
823 Retitrescolpites anguloluminosus (5)
82.6 MARKER? B Retitriletes mirabilis (19) X = Plant microfossil occurrence
87.3 Rhoipites globosus (2)
104.8' Siberiapollis m is (9) .= Range of fossil occurrences
114.8' MARKER? C Taxodi pollenites sp. (33)
1169 ‘Thomsonipollis magnificus 31) 4@: Calcareous siltstone bed A
Tricolpites microreticulatus (57)
 Triporoletes spp. (30) = Calcareous silistone bed B
Tnporopollmnes cmyloxdcs (39)
WELL B217789 Tr, p sp. b " (20) = Calcareous siltstone bed C
76.8' i llenites sp. “triangular” (21)
71.0 MARKER? B THW mautncht:emu O]
8.7 EX Umbosporites callosus (13) RAC 1993

+25¢ Available Copy




